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1 Introduction
In the RAN2#121 meeting, RAN2 related enhancements to discontinuous coverage were discussed and the following agreements were achieved.

Agreements:

1.
RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.

2.
RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
3.
RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)
4.
Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID

In this contribution, we further discuss the leftover issues regarding discontinuous coverage.
2 Discussion

2.1 Enhancement of paging and eDRX

When UE is out of network coverage, the UE may still attempt to search for available cells due to the UL traffic or NAS layer signalling, increasing power consumption. Thus, how to apply the power saving mechanism (like PSM, MICO, and eDRX) to ensure that the UE does not attempt to access when there is no coverage should be studied.

For eDRX, the CN can configure an eDRX cycle to the UE via NAS message. There is one paging time window for each eDRX cycle. The UE will only monitor paging during the Paging Timer Window. In the discontinuous coverage, the CN can configure suitable Paging Time Window, eDRX cycle and the TAC timer based on the satellite ephemeris data and UE location information. 
However, one UE may be served by multiple satellites over time, which makes the discontinuous coverage unevenly distributed in time domain. 
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Figure 1 Example for PTW and actual coverage windows for a UE
In this case, during one eDRX cycle, there may be multiple satellites serving one UE, and the possible paging occasions may not be fully covered by one paging window in the eDRX cycle. Thus, multiple Panging Time windows should be considered during an eDRX cycle.
Observation 1: It is hard to guarantee the alignment between evenly distributed PTWs and unevenly distributed coverage windows.
Proposal 1: NW should be able to configure multiple Paging Time Windows during an eDRX cycle.
Another aspect that should be considered is how to handle the case when the UE moves within an NTN cell. In this case, the actual coverage window for UE is different with the coverage window that is reported to the network before. As illustrated in the following figure, the UE uploads its current position and the network derives associated coverage window (suppose coverage window 1 for TAC 1). The network shall store the coverage window 1 and take it into account when paging the UE. After released into RRC_IDLE mode, the UE moves into another TA but in the same cell (e.g., from TAC 1 to TAC 2). Then the actual coverage window for UE (suppose coverage window 2 for TAC 2), is misaligned with that (i.e., coverage window 1 for TAC 1) stored in the network. Same issue occurs in case of UE predication error. 
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Figure 2 UE moves in one cell, without triggering Tracking Area Update
Observation 2: UE’s movement within the NTN cell may result in coverage window misalignment between the network and the UE.

To address the misalignment, the network should derive multiple estimated coverage windows, to cover the actual coverage window for UE. For example, the TAC 1 and TAC 2 in Figure 2 corresponds to coverage window 1 and coverage window 2, respectively. Based on the estimated coverage window 1 reported by the UE before, the network derives the estimated coverage window list which includes coverage window 1 and coverage window 2. When there is paging message to be delivered, the network can perform the paging of the UE in the estimated coverage window list.

Proposal 2: The network can derive multiple coverage windows and takes them into account when paging a UE.
2.2 Enhancement of RLF 
Generally, when UE approaching the edge of discontinuous network coverage, physical link failure will occur and higher layer will receive the declaration of this failure. The UE will try to find a suitable cell to re-establish RRC connection, while if the connection reestablishment is not successful, UE will enter RRC_IDLE state. Thus, in the case of discontinue coverage, RLF detection and RRC re-establishment attempts mentioned above are unnecessary. To save power or signalling overhead, network can indicate UE to omit these unnecessary procedures. 

To this end, one option is to let UE enter RRC_IDLE once the coverage is loss. Thus the attempt to recover connection can be avoided for power saving concern. In our understanding, power consumption can be further reduced by let UE enter RRC_IDLE advance before losing coverage. This is because once out-of-sycn occurs, data transmission is unavailable and UE should enter RRC_IDLE. To achieve this, we propose to let UE enter RRC_IDLE if the remaining serving time less than a threshold. As shown in Figure 3, UE enter RRC_IDLE before the expiry of T310, and also before the losing of coverage. 
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Figure 3 Trigger RLF before coverage is loss
Proposal 3: UE enters RRC_IDLE if the remaining serving time is less than a threshold in discontinuous coverage scenario.
2.3 Other enhancement of AS procedure
Generally, when the UE loses the connection with satellite, the UE might scan the TN frequency and try to access TN to obtain service. However, the TN coverage is not always existing where TN loses its NTN connection, and power will be wasted if UE scan the TN frequency in this area. In R17 IoT NTN discontinuous coverage, the network will provide the assistance information of the incoming satellites, e.g. satellite ephemeris, and UE can determine based on its knowledge of its location and the satellite ephemeris when there will be NTN coverage and when there will not. If there is no satellite coverage, the UE will stop the AS function for the purpose of power saving. 
Currently in 36.304 and 36.300, it is specified that UE is not required to perform any idle mode tasks when there is no NTN coverage. However, whether this is reasonable is still under discussion in R17 correction as it may affect legacy behavior [2]. This issue is also under discussion in CT1 [3]. 

From our point of view, if there is a suitable TN cell, the UE should perform cell selection to the TN cell to obtain TN service. And if there isn’t any suitable TN cell, UE can stop the AS function for TN to save power consumption. 
Proposal 4: UE stops the AS idle mode tasks related to TN only when there is no TN cells in the discontinuous coverage. 
3 Conclusion

In this contribution, we discussed the discontinuous coverage in IoT NTN and have the following proposals:

Observation 1: It is hard to guarantee the alignment between evenly distributed PTWs and unevenly distributed coverage windows.
Observation 2: UE’s movement within the NTN cell may result in coverage window misalignment between the network and the UE.

Proposal 1: NW should be able to configure multiple Paging Time Windows during an eDRX cycle.
Proposal 2: The network can derive multiple coverage windows and takes them into account when paging a UE.
Proposal 3: UE enters RRC_IDLE if the remaining serving time is less than a threshold in discontinuous coverage scenario.
Proposal 4: UE stops the AS idle mode tasks related to TN only when there is no TN cells in the discontinuous coverage. 
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